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(57) ABSTRACT

A data processing method by a data sending apparatus 1s
described. The method includes recerving a data packet from
a PDCP layer, where the data packet 1s used as an RLC SDU.
The method further includes encapsulating the RLC SDU
into at least one RLLC PDU, where each one of the at least
one RLC PDU includes a header and a payload. The payload
carries data from a single RLC SDU. It can be learned that
a transmit end no longer performs concatenation processing
at the RLC layer on the data packet. In this way, concat-
cnation processing at the transmit end 1s reduced, and
processing complexity and processing latency are further
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reduced. In addition, processing at a receive end also
becomes simpler and more eflicient.
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DATA PROCESSING METHOD, APPARATUS,
AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2017/105044, filed on Sep. 30, 2017,

which claims priority to Chinese Patent Application No.
201610873599.9, filed on Sep. 30, 2016. The disclosures of
the aforementioned applications are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

This application relates to the field of communications
technologies, and 1n particular, to a data processing method,
apparatus, and system.

BACKGROUND

With development of wireless communications technolo-
gies, performance, such as a peak rate and system band-
width, of a wireless network 1s improved continuously, and
service experience brought to users 1s getting better and
better. Therefore, wireless communication gains increas-
ingly wider application. Expansion of the application of
wireless communication brings more service data to the
wireless network. Therefore, higher requirements are raised

for data processing efliciency of a data transmit end and a
data receive end.

SUMMARY

In view of this, this application provides a data processing,
method, apparatus, and system, so as to improve data
processing efliciency.

According to a first aspect, a data processing method 1s
provided. The method 1s performed by a data sending
apparatus and includes the following steps: recerving a data
packet from a Packet Data Convergence Protocol (PDCP)
layer, where the data packet 1s used as a Radio Link Control
(RLC) service data unit (SDU); and encapsulating the RLC
SDU mto at least one RLC protocol data unit (PDU), where
cach the RLC PDU encapsulated at an RLC layer by the data
sending apparatus includes a header and a payload, and the
payload i1s used to carry data from a single RLC SDU.

According to a second aspect, a data processing apparatus
1s provided, located at a transmit end and including means
or units configured to perform the steps in the first aspect.

According to a third aspect, a data processing apparatus 1s
provided, including a processor and a memory. The memory
1s configured to store a program, and the processor mvokes
the program stored 1n the memory, to perform the method
provided 1n the first aspect of this application.

According to a fourth aspect, this application provides a
data processing apparatus, including at least one processing
clement (or chip) configured to perform the method 1n the
first aspect.

According to a fifth aspect, this application provides a
program. The program 1s used to perform the method 1n the
first aspect when being executed by a processor.

According to a sixth aspect, a program product is pro-
vided, for example, a computer readable storage medium,
including the program in the fifth aspect.

According to a seventh aspect, a data processing method
1s provided. The method 1s performed by a data receiving
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apparatus and includes the following steps: receiving, at an
RLC layer, a data packet from a MAC layer, where the data
packet includes an RLC PDU, the RLC PDU includes a
header and a payload, and the payload 1s used to carry data
from a single RLC SDU; and when determining, based on
the header of the RLC PDU, that the payload of the RLC
PDU 1s a complete RLC SDU, obtaining the RLC SDU, and
sending the RLC SDU to a PDCP layer; and/or when
determining, based on the header of the RLC PDU, that the
payload of the RLC PDU 1s a segment of an RLC SDU,
obtaining all segments of the RLC SDU, restoring all the
segments to the RLC SDU, and sending the RLC SDU to a
PDCP layer.

According to an eighth aspect, a data processing appara-
tus 1s provided, located at a receive end and including means
or units configured to perform the steps in the seventh
aspect.

According to a ninth aspect, a data processing apparatus
1s provided, including a processor and a memory. The
memory 1s configured to store a program, and the processor
invokes the program stored in the memory, to perform the
method provided 1n the seventh aspect of this application.

According to a tenth aspect, this application provides a
data processing apparatus, including at least one processing
clement (or chip) configured to perform the method in the
seventh aspect.

According to an eleventh aspect, this application provides
a program. The program 1s used to perform the method 1n the
seventh aspect when being executed by a processor.

According to a twellth aspect, a program product is
provided, for example, a computer readable storage
medium, including the program in the eleventh aspect.

In the foregoing aspects, that the payload of the RLC PDU
1s used to carry data from a single RLC SDU means that
even 1f the RLC PDU can accommodate more than one RLC
SDU or more than one segment of an RLC SDU, a payload
of each the RLC PDU 1s used to carry only data from a single
RLC SDU. In other words, the data sending apparatus does
not perform concatenation processing at the RLC layer on
data packets.

It can be learned that 1n a process where the data sending,
apparatus encapsulates, at the RLC layer, the RLLC SDU 1nto
the RLC PDU, the payload of each assembled RLC PDU 1s
used to carry the data from a single RLC SDU. In other
words, the payload of the RLC PDU does not include data
of another RLC SDU. That 1s, the data sending apparatus no
longer performs concatenation processing at the RLC layer
on RLC SDUs. In this way, concatenation processing at the
transmit end can be reduced, and processing complexity and
processing latency can be reduced.

In addition, the receive end may reorder, at the RLC layer,
segments of a single RLC SDU only, without a need to
reorder RLC SDUSs. Therefore, processing at the receive end
can be simplified, and processing complexity and processing
latency at the receive end can be reduced.

In the foregoing aspects, the header of the RLC PDU
includes a segment 1indicator (SI) field, used to indicate what
1s encapsulated into the RLC PDU where the SI field 1s
located 1s a complete RLC SDU or a segment of an RLC
SDU.

Optionally, the SI field includes two bits, and values of the
SI field are described as follows:

a first value 1s used to indicate that what 1s encapsulated
into the RLC PDU where the SI field 1s located 1s a complete
RLC SDU, a second value 1s used to indicate that what 1s
encapsulated into the RLC PDU where the SI field 1s located

1s a first segment of an RLC SDU, a third value 1s used to
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indicate that what 1s encapsulated into the RLC PDU where
the SI field 1s located 1s a middle segment of an RLC SDU,
and a fourth value 1s used to indicate that what 1s encapsu-
lated 1into the RLC PDU where the SI field 1s located 1s a last
segment ol an RLC SDU; or

a first value 1s used to indicate that what 1s encapsulated
into the RLC PDU where the SI field 1s located 1s a complete
RLC SDU, and a second value 1s used to indicate that what
1s encapsulated into the RLC PDU where the SI field 1s
located 1s a last segment of an RLC SDU.

Optionally, the SI field includes one bit, and values of the
SI field are described as follows:

a first value 1s used to indicate that what 1s encapsulated
into the RLC PDU where the SI field 1s located 1s a complete
RLC SDU or indicate that what 1s encapsulated into the RLC
PDU where the SI field 1s located 1s a last segment of an
RLC SDU, and a second value 1s used to indicate that what
1s encapsulated into the RLC PDU where the SI field 1s
located 1s a first segment or a middle segment of an RLC
SDU.

In the foregoing aspects, the header of the RLC PDU
turther includes a segment offset (SO) field, used to indicate
a byte oflset, of a first byte 1n a payload of the RLC PDU
where the SO field 1s located, within an RLLC SDU to which
the payload belongs.

In the foregoing aspects, the header of the RLC PDU
turther includes a sequence number (SN) field, and when
one RLC SDU 1s encapsulated mto a plurality of RLC
PDUs, SNs 1n SN fields 1n headers of the plurality of RLC
PDUs are the same.

Optionally, the SN field may be used to indicate an RLC
SDU to which data transmitted in the RLC PDU where the
SN field 1s located belongs.

Optionally, an SN 1n the SN field 1s configured by the
PDCP layer.

In the foregoing aspects, the header of the RLC PDU
turther includes a length indicator (LLI) field, used to indicate
a length of a payload 1n the RLC PDU where the LI field 1s
located.

In the foregoing aspects, the header of the RLC PDU
further includes a data/control field, used to indicate whether
a data packet or a control packet 1s transmitted in the RLC
PDU where the data/control field 1s located.

In the first aspect to the sixth aspect, a process where the
data sending apparatus encapsulates the RLC SDU 1nto at
least one RLC PDU includes: encapsulating the RLC SDU
into the at least one RLC PDU based on an indication from
a MAC layer; or encapsulating the RLC SDU into the at
least one RLC PDU based on a preset RLC PDU size.
Correspondingly, a unit that encapsulates the RLC SDU into
the at least one RLC PDU 1s configured to: encapsulate the
RLC SDU into the at least one RLC PDU based on the
indication from the MAC layer; or encapsulate the RLC
SDU 1nto the at least one RLC PDU based on the preset RLC
PDU size.

In the first aspect to the sixth aspect, the data sending
apparatus may further send an RLC data packet to the MAC
layer. The RLC data packet includes one or more RLC
PDUs. Correspondingly, the data processing apparatus fur-
ther includes a umt that performs this step.

In the first aspect to the sixth aspect, the data sending
apparatus uses the RLC data packet as a MAC SDU and
encapsulates the MAC SDU into a MAC PDU. The MAC
PDU includes a MAC header and a MAC payload, the MAC
header includes at least one subheader, each subheader
corresponds to one logical channel, the subheader includes
a first extension field and a second extension field, the first
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extension field i1s used to indicate whether the MAC PDU
turther includes another subheader or further includes data
ol another logical channel, and the second extension field 1s
used to indicate whether the MAC PDU further includes
other data of a logical channel corresponding to a subheader
where the second extension field 1s located. Correspond-
ingly, the data processing apparatus further includes a unit
that performs this step.

In the seventh aspect to the twellth aspect, when the RLC
SDU sent to the PDCP layer does not include a PDCP
sequence number, the data receiving apparatus sends the SN
in the SN field to the PDCP layer. The PDCP sequence
number 1s a sequence number allocated to the PDCP PDU
when the transmit end assembles the PDCP PDU.

In the seventh aspect to the twellth aspect, when the RLC
data packet includes a plurality of RLC PDUs, the data
receiving apparatus may distinguish between the RLC PDUs
based on the LI field.

In the seventh aspect to the twellth aspect, when the RLC
layer uses an unacknowledged mode (UM), the data receiv-
ing apparatus maintains, at the RLC layer, a reordering
window, and the data processing method further includes:
when a first RLC PDU 1s out of the reordering window and
the first RLC PDU 1includes a segment of an RLC SDU that
fails to be reassembled, discarding, by the data receiving
apparatus, all received RLC PDUs corresponding to the
RLC SDU that fails to be reassembled. Correspondingly, the
data processing apparatus further includes a unit configured
to perform this step.

Optionally, the data receiving apparatus may notily the
PDCP layer of the discarded RLC SDU. Correspondingly,
the data processing apparatus further imncludes a unit con-
figured to perform this step.

In the seventh aspect to the twelith aspect, when SNs of
received RLC PDUs are discontinuous, the data receiving
apparatus starts a timer at a {irst discontinuous position. The
timer may be referred to as an associated timer. Before the
timer expires, when RLC PDUs that include missing SNs are
received, the data receiving apparatus stops the timer. When
the timer expires, that 1s, RLC PDUs that include missing
SNs are not received before the timer expires, the data
receiving apparatus moves a lower edge of the reordering
window to a position of an SN corresponding to the first
discontinuous position, namely, a position of an SN corre-
sponding to a first RLC SDU that 1s not delivered to an upper

layer. The SN 1s referred to as a first SN.

Optionally, the data receiving apparatus discards an RLC
PDU that 1s not delivered to the PDCP layer and whose SN
1s before the first SN. Further, optionally, the data receiving
apparatus notifies the PDCP layer of an SN of an RLC SDU
corresponding to the discarded RLC PDU.

In the seventh aspect to the twellth aspect, before the
receiving, by a data receiving apparatus, a data packet from
a MAC layer, the method further includes: obtaining, at the
MAC layer, a MAC SDU based on a format of a MAC PDU,
and using the MAC SDU as the data packet sent to the RLC
layer. The format of the MAC PDU 1s as follows:

The MAC PDU includes a MAC header and a MAC
payload, the MAC header includes at least one subheader,
cach subheader corresponds to one logical channel, the
subheader includes a first extension field and a second
extension field, the first extension field 1s used to indicate
whether the MAC PDU further includes another subheader
or further includes data of another logical channel, and the
second extension field 1s used to indicate whether the MAC
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PDU fturther includes other data of a logical channel corre-
sponding to a subheader where the second extension field 1s
located.

According to a thirteenth aspect, an RLC PDU structure
1s provided. The RLC PDU includes a header and a payload,

and the payload 1s used to carry data from a single RLC
SDU.

The header of the RLC PDU 1s the same as that in the
foregoing descriptions.

According to a fourteenth aspect, a data processing
method 1s provided. The method 1s performed by a data
sending apparatus and includes the following steps: receiv-
ing an RLC data packet from an RLC layer, where the RLC
data packet includes at least one RLC PDU; and using the
RLC data packet as a MAC SDU and encapsulating the
MAC SDU mto a MAC PDU, where the MAC PDU
includes a MAC header and a MAC payload, the MAC
header includes at least one subheader, each subheader
corresponds to one logical channel, the subheader includes
a first extension field (E field) and a second extension field
(H field), the first extension field 1s used to indicate whether
the MAC PDU further includes another subheader or further
includes data of another logical channel, and the second
extension field i1s used to indicate whether the MAC PDU
turther includes other data of a logical channel correspond-
ing to a subheader where the second extension field is
located.

According to a fifteenth aspect, a data processing method
1s provided. The method 1s performed by a data receiving
apparatus and includes the following steps: receiving a

MAC PDU from a PDCP layer; obtaining a MAC SDU
based on a format of the MAC PDU; and sending the MAC
SDU to an RLC layer. The format of the MAC PDU 1s as
tollows: The MAC PDU includes a MAC header and a MAC
payload, the MAC header includes at least one subheader,
cach subheader corresponds to one logical channel, the
subheader includes a first extension field (E field) and a
second extension field (H field), the first extension field 1s
used to indicate whether the MAC PDU further includes
another subheader or further includes data of another logical
channel, and the second extension field 1s used to indicate
whether the MAC PDU further includes other data of a
logical channel corresponding to a subheader where the
second extension field 1s located.

According to a sixteenth aspect, a data processing appa-
ratus 1s provided, located at a transmit end and including
means or units configured to perform the steps mn the
fourteenth aspect. Alternatively, a data processing apparatus
1s provided, located at a receive end and 1including means or
units configured to perform the steps 1n the fifteenth aspect.

According to a seventeenth aspect, a data processing
apparatus 1s provided, located at a transmit end and includ-
ing a processor and a memory. The memory 1s configured to
store a program, and the processor invokes the program
stored 1in the memory, to perform the method provided in the
fourteenth aspect of this application. Alternatively, a data
processing apparatus 1s provided, located at a receive end
and including a processor and a memory. The memory 1s
configured to store a program, and the processor invokes the
program stored in the memory, to perform the method
provided in the fifteenth aspect of this application.

According to an eighteenth aspect, this application pro-
vides a data processing apparatus, located at a transmait end
and including at least one processing element (or chip)
configured to perform the method 1n the fourteenth aspect.
Alternatively, this application provides a data processing
apparatus, located at a receive end and including at least one
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6

processing element (or chip) configured to perform the
method 1n the fifteenth aspect.

According to a nineteenth aspect, this application pro-
vides a program. The program 1s used to perform the method
in the fourteenth aspect or the fifteenth aspect when being
executed by a processor.

According to a twentieth aspect, a program product 1is
provided, for example, a computer readable storage
medium, including the program in the nineteenth aspect.

It can be learned that 1n the foregoing solutions, only one
LCD 1s needed to indicate data of a single logical channel.
Therefore, header overheads at the MAC layer can be

cllectively reduced.
In the foregoing aspects, the subheader of the MAC PDU

further includes a logical channel identifier (LCD) field,
used to indicate a logical channel to which a payload
associated with the subheader belongs.

In the foregoing aspects, the subheader of the MAC PDU
further includes a first length indicator field (F field) and a
second length indicator field (L. field). The first length
indicator field 1s used to indicate a length of the second
length indicator field, and the second length indicator field
1s used to indicate a length of a payload associated with the
subheader where the second length indicator field 1s located.

According to a twenty-first aspect, a data processing
method 1s provided. The method 1s used on a data sending
apparatus, the data sending apparatus maintains, at a PDCP
layer, a PDCP transmit window, and the method includes:
sending, at the PDCP layer by the data sending apparatus,
PDCP PDUs to an RLC layer; and when a quantity of the
sent PDCP PDUs reaches a maximum quantity of PDCP
PDUs that can be accommodated by the PDCP transmit
window, and the data sending apparatus does not receive a
successiul feedback at the PDCP layer, stopping, by the data
sending apparatus, sending a PDCP PDU. The success
teedback 1s a status report fed back at the RLC layer by the
data sending apparatus, indicating that all or some PDCP
PDUs are successfully sent, or the success feedback 1s a
status report fed back by a data receiving apparatus, 1ndi-
cating that all or some PDCP PDUs are successiully
received.

According to a twenty-second aspect, a data processing
apparatus 1s provided, located at a transmit end and 1nclud-
ing means or units configured to perform the steps in the
twenty-first aspect.

According to a twenty-third aspect, a data processing
apparatus 1s provided, including a processor and a memory.
The memory i1s configured to store a program, and the
processor mvokes the program stored in the memory, to
perform the method provided in the twenty-first aspect of
this application.

According to a twenty-fourth aspect, this application
provides a data processing apparatus, including at least one
processing element (or chip) configured to perform the
method 1n the twenty-first aspect.

According to a twenty-fifth aspect, this application pro-
vides a program. The program 1s used to perform the method
in the twenty-first aspect when being executed by a proces-
SOF.

According to a twenty-sixth aspect, a program product 1s
provided, for example, a computer readable storage
medium, including the program in the twenty-fifth aspect.

It can be learned that the transmit end may maintain, at the
PDCP layer, a PDCP transmit window, to control data packet
sending at the PDCP layer. This can eflectively reduce a
problem that PDCP SNs are repeated when an amount of
data sent by the transmait end exceeds a range of data that can
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be indicated by the PDCP SN, thereby resolving a problem
that a receive end cannot correctly distinguish and process a
plurality of data packets that have same SNs and that are
received at the PDCP layer.

In the foregoing aspects, a size of the PDCP transmit
window 1s determined based on a PDCP sequence number or
1s preset.

Further, the size of the PDCP transmit window 1s deter-
mined based on the following formula: W=(L+1)/2, where
W denotes the size of the PDCP transmit window, and L
denotes a value of a maximum sequence number that can be
indicated by a length of the PDCP sequence number.

In the foregoing aspects, the data sending apparatus sends,
at the PDCP layer, the PDCP sequence number to the RLC
layer. The PDCP PDU carries the PDCP sequence number,
or the PDCP sequence number 1s independent of the PDCP
PDU. The PDCP sequence number 1s a sequence number
allocated to the PDCP PDU when the data sending apparatus
assembles the PDCP PDU.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of a communication
scenario according to an embodiment of this application;

FIG. 2 1s a schematic diagram of a user plane protocol
stack followed by communication between a terminal and a
RAN device according to an embodiment of this application;

FIG. 3 1s a schematic diagram of a data processing method
according to an embodiment of this application;

FI1G. 4 1s a schematic diagram of a format of an RLC PDU
according to an embodiment of this application;

FIG. 5 1s a schematic diagram of another format of an
RLC PDU according to an embodiment of this application;

FIG. 6 1s a schematic diagram of an RLC data packet
according to an embodiment of this application;

FIG. 7 1s a flowchart of a data processing method accord-
ing to an embodiment of this application;

FIG. 8 1s a schematic structural diagram of an existing
MAC PDU;

FIG. 9 1s a schematic structural diagram of a MAC PDU
according to an embodiment of this application;

FIG. 10 1s a schematic structural diagram of a data
processing apparatus according to an embodiment of this
application;

FIG. 11 1s a schematic structural diagram of a data
processing apparatus according to an embodiment of this
application;

FIG. 12 1s a schematic structural diagram of a data
processing apparatus according to an embodiment of this
application;

FIG. 13 1s a schematic structural diagram of a terminal
according to an embodiment of this application;

FIG. 14 1s a schematic structural diagram of a RAN
device according to an embodiment of this application;

FIG. 15 15 a schematic diagram of a method for config-
uring a measurement gap parameter according to an embodi-
ment of this application; and

FIG. 16 1s a schematic diagram of a method for config-
uring a measurement gap parameter according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

The following clearly describes the technical solutions in
the embodiments of this application with reference to the
accompanying drawings. Apparently, the described embodi-
ments are merely some but not all of the embodiments of this
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application. All other embodiments obtained by persons of
ordinary skill 1n the art based on the embodiments of this
application without creative efforts shall fall within the
protection scope of this application.

In the following description, some terms in this applica-
tion are described, to help persons skilled 1n the art have a
better understanding.

(1) A terminal, also referred to as user equipment (UE), 1s
a device providing voice and/or data connectivity for a user,
for example, a handheld device or an in-vehicle device that
have a wireless connection function. Common terminals
include, for example, a mobile phone, a tablet computer, a
laptop computer, a palmtop computer, a mobile Internet
computer (MID), or a wearable device such as a smart
watch, a smart band, or a pedometer.

(2) A base station, also referred to as a radio access
network (RAN) device, 1s a device that connects a terminal
to a wireless network, including but 1s not limited to an
evolved node B (eNB), a radio network controller (RNC), a
node B (NB), a base station controller (BSC), a base
transceiver station (BTS), a home eNodeB (for example,
Home evolved NodeB or Home Node B, HNB), or a
baseband umit (BBU). In addition, the base station may
include a Wi-Fi access point (AP) or the like.

(3) A unit (or entity) 1n this application means a function
unit (or entity) or a logical unit (or entity). The unit may be
in the form of software and 1ts function 1s implemented by
using a processor to execute program code, or may be 1n the
form of hardware.

(4) “A plurality of” means two or more than two. The term
“and/or” describes an association relationship for describing
associated objects and represents that three relationships
may exist. For example, A and/or B may represent the
following three cases: Only A exists, both A and B exist, and
only B exists. The character *“/” generally indicates an “or”
relationship between the associated objects. A scope
described by using “above” or “below’ includes a boundary
point.

Referring to FIG. 1, FIG. 1 1s a schematic diagram of a
communication scenario according to an embodiment of this
application. As shown 1n FIG. 1, a terminal 110 accesses to
a wireless network through a RAN device 120, to obtain a
service ol an external network (for example, the Internet)
through the wireless network, or to communicate with
another terminal through the wireless network. In a down-
link transmission direction, the RAN device 120 1s used as
a transmit end, and the terminal 110 may be used as a receive
end. In an uplink transmission direction, the terminal 110 1s
used as a transmit end, and the RAN device 120 1s used as
a recerve end.

Communication between the terminal 110 and the RAN
device 120 follows an air-interface protocol. Referring to
FIG. 2, FIG. 2 1s a schematic diagram of a user plane
protocol stack followed by communication between a ter-
minal and a RAN device according to an embodiment of this
application. As shown 1n FIG. 2, the protocol stack includes
a Packet Data Convergence Protocol (PDCP) layer, a Radio
Link Control (RLC) layer, a Media Access Control (MAC)
layer, and a physical (PHY) layer. The PDCP layer, the RLC
layer, and the MAC layer form a layer-2 (IL2) protocol stack.

Currently, main functions of the PDCP layer include
encryption/decryption, header compression/header decom-
pression, integrity protection, and the like. Main functions of
the RLC layer include segmentation, concatenation, reor-
dering, automatic repeat request (ARQ), and the like. Main
functions of the MAC layer include multiplexing, schedul-
ing, hybrid automatic repeat request (HARD), and the like.
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In a solution according to an embodiment of this appli-
cation, functions of the RLC layer are adjusted, and when
encapsulating a data packet from the PDCP layer, the RLC
layer performs segmentation only and does not perform
concatenation. In this way, concatenation processing at the
transmit end can be reduced, and processing complexity and
processing latency can be reduced.

The following provides detailed description with refer-
ence to the accompanying drawings. It may be understood
that a transmit end 1n this embodiment of this application
may also be referred to as a data sending apparatus, and a
receive end may also be referred to as a data receiving
apparatus.

Referring to FIG. 3, FIG. 3 i1s a schematic diagram of a
data processing method according to an embodiment of this
application. As shown 1n FIG. 3, the method 1s used at a
transmit end, that 1s, performed by the transmit end, and the
transmit end may also be referred to as a data sending
apparatus. The method includes the following steps:

S310. Receive a data packet from a PDCP layer, and use
the data packet as an RLC service data unit (SDU).

S5320. Encapsulate the RLC SDU into at least one RLC
PDU, where each the RLLC PDU includes a header and a
payload, and the payload 1s used to carry data from a single
RLC SDU.

In this embodiment and the following embodiments, that
the payload of the RLC PDU 1s used to carry data from a
single RLC SDU means that even 1f the RLC PDU can
accommodate more than one RLC SDU or more than one
segment of an RLC SDU, a payload of each the RLC PDU
1s used to carry only data from a single RLC SDU. In other
words, the transmit end does not perform concatenation
processing at the RLC layer on the data packet.

It can be learned that in a process where the transmit end
encapsulates, at the RLC layer, the RLC SDU 1nto the RLC

PDU(s), the payload of each assembled RLC PDU is used to
carry data from a single RLC SDU. In other words, the
payload of the RLC PDU does not include data of another
RLC SDU. That 1s, the transmit end no longer performs
concatenation processing at the RLC layer on RLC SDUSs. In
this way, concatenation processing at the transmit end can be
reduced, and processing complexity and processing latency
can be reduced.

In addition, the receive end may reorder, at the RLC layer,
segments of a single RLC SDU only, without a need to
reorder RLC SDUs. Theretfore, processing at the receive end
can be simplified. This 1s described 1n detail 1n the following
embodiments.

When concatenation processing 1s not performed on the

RLC SDU, the header of the RLC PDU may be further
simplified to reduce header overheads of the RLC PDU.
Certainly, an RLC PDU {format in existing technology may
still be used, except that larger header overheads are needed
as compared with a simplified RLC PDU format in this
application.

Referring to FIG. 4, FIG. 4 1s a schematic diagram of a
format of an RLC PDU according to an embodiment of this
application. As shown 1n FIG. 4, the RLC PDU includes a
header and a payload, and the payload is used to carry data
from a single RLC SDU. The header 1s also referred to as a
packet header, including one or more of the following fields:
a data/control (D/C) field, a sequence number (SN) field, a
segment mndicator (SI) field, and a segment oflset (SO) field.

The D/C field 1s used to indicate whether a data packet or
a control packet 1s transmitted or whether data information
or control information 1s transmitted 1n the RLC PDU where

the D/C field 1s located. For example, when the D/C field 1s
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0, a data packet 1s transmitted in the RLC PDU, and when
the D/C field 1s 1, a control packet 1s transmitted 1n the RLC
PDU, or vice versa. That 1s, when the D/C field 1s 0, a control

packet 1s transmitted 1in the RLC PDU, and when the D/C
field 1s 1, a data packet 1s transmitted in the RLC PDU. This
1s not limited 1n this embodiment.

The SN field 1s used to indicate an RLC SDU to which
data transmitted in the RLC PDU where the SN field 1s
located belongs. In existing technology, each RLC PDU
corresponds to one SN. In this embodiment, each RLC SDU
corresponds to one SN. If one RLC SDU 1s divided 1nto a

plurality of segments and encapsulated into a plurality of

RLC PDUSs, SNs 1n these RLL.C PDUs are the same. It can be
learned that 1n this embodiment, the SN field may be used

to indicate a sequence number corresponding to the RLC
SDU to which the data transmitted 1n the RLC PDU where
the SN field 1s located belongs.

It can be learned that one RLC SDU corresponds to one
SN, and when one RLC SDU 1is encapsulated into a plurality
of RLC PDUs for transmission, the plurality of RLC PDUSs

use a same SN. In this way, the PDCP layer and the RLC
layer may share one SN to reduce header overheads. In
addition, this resolves a problem that an SN length needs to
be extended 1n existing technology because a plurality of
SNs 1s needed when the RLC SDU 1s segmented into a
plurality of RLC PDUs, and therefore can also reduce
overheads.

A length of the SN field may be agreed, or may be
configured by an upper layer, for example, the radio resource
control (RRC) layer. The length of the SN field 1s not limited
in this embodiment and may be configured or agreed based
on a need, for example, may be five bits or ten bits.

Optionally, an SN 1n the SN field may be allocated by the
RLC layer. In this case, the RLC PDU and the PDCP PDU
include their respective SNs. In other words, one RLC PDU
includes two SNs. Optionally, an SN in the SN field may be
configured by the PDCP layer. In other words, an SN
included 1n the RLC PDU 1s an SN allocated by the PDCP
layer. In this case, one RLC PDU includes only one SN, and
one RLC SDU 1s encapsulated 1nto a plurality of RLC PDUSs
that have same SNs. In this way, the PDCP layer and the
RLC layer may share one SN to reduce header overheads. In
addition, this resolves a problem that an SN length needs to
be extended 1n the existing technology because a plurality of
SNs 1s needed when the RLC SDU 1s segmented into a
plurality of RLC PDUs, and therefore can also reduce
overheads.

Optionally, at the transmit end, the SN field may be used
to control a position and/or a size of an RLC transmit
window, and perform, based on a status report fed back by
the recetve end, an operation such as ARQ retransmission.
At the receive end, the SN field may be used to perform
operations such as reordering, status report feedback, and
RLC SDU reassembly.

The SI field 1s used to indicate what 1s encapsulated 1nto
an RLC PDU where the SI field 1s located 1s a complete RLC
SDU or a segment of an RLC SDU, namely, whether the
payload of the RLC PDU 1s a complete RLC SDU or a
segment of an RLC SDU.

In an implementation, the SI field may include two bits.

Diflerent values represent diflerent meanings. The following
provides an embodiment (embodiment 1).

00: indicates no segmentation. Herein, the segmentation

means segmentation performed on an RLC SDU. That

1s, what 1s encapsulated into the RLC PDU 1s a com-

plete RLC SDU.
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01: indicates a first segment. That 1s, what 1s encapsulated
into the RLC PDU 1s a first segment of an RLC SDU.

10: indicates a middle segment. That 1s, what 1s encap-
sulated 1nto the RLC PDU 1s a middle segment of an
RLC SDU. The middle segment does not include a first
byte of the RLC SDU, and does not include a last byte

of the RLC SDU. In other words, the middle segment
1s neither a first segment of the RLC SDU nor a last

segment of the RLC SDU.

11: indicates a last segment. That 1s, what 1s encapsulated
into the RLC PDU 1s a last segment of an RLC SDU.

In another embodiment (embodiment 2), a correspon-
dence between values of the SI and meanings indicated by
the values may be optimized as follows:

00: indicates no segmentation. Herein, the segmentation

means segmentation performed on an RLC SDU. That
1s, what 1s encapsulated into the RLC PDU 1s a com-

plete RLC SDU.

01: reserved.
10: reserved.

11: indicates a last segment. That 1s, what 1s encapsulated
into the RLC PDU 1s a last segment of an RLC SDU.

The “reserved” herein means that a meaning of the value
1s temporarily not defined.

In another implementation, the SI field may include one
bit. Different values represent different meanings. The fol-
lowing provides an embodiment (embodiment 3).

0: 1ndicates a first segment or a middle segment. That 1s,
what 1s encapsulated into the RLC PDU 1s a first
segment or a middle segment of an RLC SDU. The
middle segment does not include a first byte of the RLC
SDU, and does not include a last byte of the RLC SDU.
In other words, the middle segment 1s neither a first
segment of the RLC SDU nor a last segment of the
RLC SDU.

1: indicates no segmentation or a last segment. Herein, the
segmentation means segmentation performed on an
RLC SDU. That 1s, what 1s encapsulated into the RLC
PDU 1s a complete RLC SDU or what 1s encapsulated
into the RLC PDU 1s a last segment of an RLC SDU.

It may be understood that a correspondence between each
way of value assignment and a meaning indicated by each
value 1n the way of value assignment 1s not intended to limit
this application, and another way of value assignment may
be used 1n the correspondence. For example, more bits are
used. For another example, 1n each way of value assignment,
a correspondence between a value and a meaning of the
value may be exchanged.

The SO field 1s used to indicate a byte oflset, of a first byte
in a payload of the RLC PDU where the SO field 1s located,
within an RLC SDU to which the payload belongs. When the
RLC PDU includes a complete RLC SDU, the first byte 1n
the payload of the RLLC PDU 1s a first byte of the RLC SDU,
and therefore, the byte ofiset indicated by the SO field 1s 0.
When the RLC PDU includes a segment of an RLC SDU,
the byte oflset indicated by the SO field 1s a byte oflset, of
a first byte 1n the segment, within the RLC SDU. For
example, a size of an RLC SDU 1s 400 bytes. It 1s assumed
that the RLC SDU 1s divided into two 200-byte segments. In
an RLC PDU where a first segment 1s located, a value of the
SO field 1s 0, and 1n an RLC PDU where a second segment
1s located, a Value of the SO field 1s 201. When the value of
the SO field 1s O, the SO field may be Spared In other words,
there 1s no SO field. In this case, 1t 1s considered that the
RLC PDU includes the complete RLC SDU, or includes the
first segment of the RLC SDU.
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A length of the SO field 1s not limited 1n this application.
The length of the SO field may be related to a size of the
RLC SDU or a segment of the RLC SDU, or related to a size
of the payload of the RLC PDU. When the payload 1n the
RLC PDU 1s greater, the SO field needs to be longer, but the
length of the SO field 1s not directly proportional to the
payload in the RLC PDU. For example, when the SO field
includes one bit, a payload size of a maximum RLC PDU
that can be indicated 1s 2; or when the SO field includes two
bits, a payload size of a maximum RLC PDU that can be
indicated 1s 4, and so on. When a 200-byte RLC PDU
payload needs to be indicated, the length of the SO field
needs to be eight bits. The length of the SO field may be
agreed, or may be configured by an upper layer, for example,
an RRC layer. Alternatively, a field, namely, a length 1ndi-
cator field of the SO field, may be added to the header of the
RLC PDU, to indicate the length of the SO field. For
example, a 1-bit field may be used to indicate two SO
lengths, and a 2-bit field may be used to indicate four SO
lengths.

The SI field may be combined with the SO field to
indicate specific information of the RLC SDU or a segment
of the RLC SDU that 1s included in the RLC PDU, to
facilitate reassembly of the RLC SDU at the receive end.

In correspondence to embodiment 1 to embodiment 3,
embodiments of a combination of the SI field and the SO
field are as follows:

Embodiment 1

In correspondence to the foregoing embodiment 1, a way
of value assignment of the SI field and meanings of values
of the SI field are the same as those in the foregoing
embodiment 1.

SI=00, and SO=0, or no SO field: indicates no segmen-

tation. Herein, the segmentation means segmentation

performed on an RLC SDU. That 1s, what 1s encapsu-
lated into the RLC PDU 1s a complete RLC SDU.

SI=01, and SO=0, or no SO field: indicates a first seg-
ment. That 1s, what 1s encapsulated into the RLC PDU
1s a first segment of an RLC SDU.

SI=10 and SO=M, where M>0: indicates a middle seg-
ment. That 1s, what 1s encapsulated into the RLC PDU
1s a middle segment of an RLC SDU. A meaning of the
middle segment 1s the same as the foregoing descrip-
tion, and details are not described herein again.

SI=11 and SO=N, where N>0: indicates a last segment.
That 1s, what 1s encapsulated into the RLC PDU 1s a last
segment of an RLC SDU.

Embodiment 2

In correspondence to the foregoing embodiment 2, a way
of value assignment of the SI field and meanings of values
of the SI field are the same as those 1n the foregoing
embodiment 2.

SI=00 and SO=0: indicates no segmentation. Herein, the

segmentation means segmentation performed on an
RLC SDU. That 1s, what 1s encapsulated into the RLC

PDU 1s a complete RLC SDU.

SI=11, and SO=N, where N>0: indicates a last segment.
That 1s, the RLC PDU includes a last segment of an
RLC SDU.

S1=00 and SI=11, for example, SI=01 or SI=10, and
SO=M, where M>0: indicates a middle segment. That
1s, what 1s encapsulated 1nto the RLC PDU 1s a middle
segment of an RLC SDU. A meaning of the middle
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segment 1s the same as the foregoing description, and
details are not described herein again.

Embodiment 3

In correspondence to the foregoing embodiment 3, a way
of value assignment of the SI field and meanings of values
of the SI field are the same as those in the foregoing
embodiment 3.

SI=0 and SO=0: indicates a first segment. That 1s, what 1s
encapsulated mto the RLC PDU i1s a first segment of an
RLC SDU.

SI=0 and SO=M, where M>0: indicates a middle seg-
ment.

SI=1 and SO=0: indicates no segmentation. Herein, the
segmentation means segmentation performed on an

RLC SDU. That 1s, what 1s encapsulated into the RLC
PDU 1s a complete RLC SDU.

SI=1, and SO=N, where N>0: indicates a last segment.
That 1s, what 1s encapsulated into the RLC PDU 1s a last
segment ol an RLC SDU.

Optionally, the header of the RLC PDU may further
include a polling field. The polling field 1s used to request the
RLC layer at the receive end to feed back an RLC status
report. The polling field 1s the same as that 1n the existing
technology, and details are not described herein.

Optionally, the header of the RLC PDU may further
include at least one reserved field for subsequent function
extension.

In an implementation, the transmit end may assemble, at
the RLC layer, the RLC PDU based on an indication from
a lower layer, for example, a MAC layer. For example, when
a size indicated by the MAC layer can accommodate an RLC
SDU plus a corresponding RLC header, the transmit end
encapsulates, at the RLC layer, the whole RLC SDU into
one RLC PDU. The RLC SDU in the RLC PDU 1s not
segmented, no data of another RLC SDU 1is concatenated,
and there 1s no padding greater than one byte. In other
words, the padding 1s generated for byte alignment. For
another example, when a size indicated by the MAC layer
cannot accommodate an RLC SDU plus a corresponding
RLC header, the transmit end divides the RLC SDU into a
plurality of segments and encapsulates each segment into
one RLC PDU. Currently, the MAC layer 1s used {for
resource scheduling. A size of a RLC PDU that should
assembled by the RLC layer or a total size of plurality of
RLC PDUs that should be assembled by the RLC layer may
be learned based on a resource scheduling situation of the
MAC layer.

In another implementation, a size of the RLC PDU may

be preset, so that the transmit end may assemble, at the RLC
layer, the RLC PDU based on the preset RLC PDU size. In

this case, the RLC layer may assemble the RLC PDU in
advance before the MAC layer finishes scheduling or before
receiving a size indicated by the MAC layer, and may
directly deliver a corresponding quantity of RLC PDUs to
the MAC layer after receiving an indication from the MAC
layer, so that a real-time processing time of the RLC layer
1s eflectively reduced and a data transmission delay 1is
reduced. The assembly process 1s similar to the process
where the RLC PDU 1s assembled based on the indication
from the MAC layer. For example, when the preset RLC
PDU size can accommodate an RLC SDU plus a corre-
sponding RLC header, the transmit end encapsulates, at the
RLC layer, the whole RLC SDU into one RLC PDU. The
RLC SDU 1n the RLC PDU 1s not segmented, and no data
of another RLC SDU i1s concatenated. To enable a size of the
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assembled RLC PDU to be the same as the preset size, 1n this
case, the transmit end may perform padding at the RLC
layer. Alternatively, padding may not be performed, in other
words, the preset RLC PDU size 1s a limit value and 1s
merely used to limit a maximum value of the size of the
assembled RLC PDU. For another example, when the preset
RLC PDU size cannot accommodate an RLC SDU plus a
corresponding RLC header, the transmit end divides the
RLC SDU into a plurality of segments and encapsulates
cach segment mnto one RLC PDU. The transmit end may
segment the RLC SDU based on the preset RLC PDU size,
so that all sizes of RLC PDUs formed by segments except
a last segment meet the preset RLC PDU size; and for the
last segment, when a size of the last segment 1s 1nsuilicient
to form an RLC PDU of the preset size, padding may be
performed, or padding may not be performed, and this 1s not
limited herein.

Referring to FIG. 5, FIG. 5 1s a schematic diagram of
another format of an RLC PDU according to an embodiment
of this apphcatlon A difference from the RLC PDU format
shown 1n FIG. 4 1s that this format further includes a length
indicator (LI) field, used to indicate a length of a payload 1n
an RLC PDU where the LI field 1s located. That 1s, the LI
field 1s used to indicate a length of an SDU or an SDU
segment 1n the RLC PDU where the LI field 1s located.

Optionally, the transmit end may send, at the RLC layer,
the RLC PDUs one by one to the MAC layer. In this case,
the MAC layer considers each RLC PDU as one MAC SDU,
and sets one subheader for each MAC SDU to indicate the
MAC SDU. Alternatively, the transmit end may send, at the
RLC layer, a plurality of RLC PDUs as one RLC data packet
to the MAC layer, as shown 1n FIG. 6. The MAC layer uses
the RLC data packet as one MAC SDU. Therefore, only one
subheader needs to be added to the MAC SDU to indicate
the MAC SDU, and header overheads of the MAC layer are
reduced. This 1s described in detail 1in the following data
processing process at the MAC layer, and details are not
described herein.

It can be learned that the transmit end sends an RLC data
packet to the MAC layer, and the RLC data packet may
include one RLC PDU, or may include a plurality of RLC
PDUs. In addition, data encapsulated in the RLC PDU
included 1n one RLC data packet may be from one RLC
SDU or may be from a plurality of RLC SDUSs.

To help persons skilled in the art have a better under-
standing, the following provides description with reference
to processing processes at each layer. However, this 1s not
intended to limit this application. Data processing units or
entities at various layers in this application may be located
on different devices on a RAN side.

Referring to FIG. 7, FIG. 7 1s a flowchart of a data
processing method according to an embodiment of this
application. As shown 1n FIG. 7, the method includes the
following steps.

S710. Upper-layer data (a PDCP SDU) reaches a PDCP
layer. At the PDCP layer, a transmit end processes the data
to form a PDCP PDU, and sends the PDCP PDU to an RLC
layer.

The data processing performed at the PDCP layer by the
transmit end may include one or more operations such as
header compression, encryption, and integrity protection.
This 1s the same as that 1n the existing technology. Details
are not described herein.

Optionally, the transmait end allocates one SN to the PDCP
PDU or associates one SN with the PDCP PDU at the PDCP
layer. The SN may be encapsulated into the PDCP PDU to
be sent to the RLC layer. Alternatively, the SN 1s not
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encapsulated into the PDCP PDU, but 1s sent with the PDCP
PDU to the RLC layer. Alternatively, the SN 1s not encap-
sulated into the PDCP PDU, but i1s separately sent to the
RLC layer, and signaling 1s used to indicate a correspon-
dence between the SN and the PDCP PDU, that 1s, indicate
a specific PDCP PDU to which the SN 1s allocated. To
distinguish between the SN and an RLC-layer SN, this SN
1s referred to as a PDCP SN. The PDCP SN may be the same
as the RLC-layer SN or different from the RLC-layer SN.

Optionally, the transmit end may maintain, at the PDCP
layer, a PDCP transmit window, to control data packet
sending at the PDCP layer. This can eflectively reduce a
problem that PDCP SNs are repeated when an amount of
data sent by the transmit end exceeds a range of data that can
be indicated by the PDCP SN, thereby resolving a problem
that a receive end cannot correctly distinguish and process a
plurality of data packets that have same SNs and that are
received at the PDCP layer. After the transmit end consecu-
tively sends, at the PDCP layer, a maximum quantity of
PDCP PDUs that can be accommodated by the PDCP
transmit window, 11 no status report about successiul sending,
or successiul recerving fed back by a lower layer (for
example, the RLC layer) or the receive end 1s received, the
transmit end no longer sends any PDCP PDU. When the
transmit end uses an unacknowledged mode (UM) at the
RLC layer, there may be no PDCP transmit window. The
status report about successiul sending herein 1s a status
report fed back at the RLC layer by the transmit end,
indicating that all or some PDCP PDUs are successiully
sent, and the status report about successiul receiving 1s a
status report fed back by the recerve end, indicating that all
or some PDCP PDUs are successiully received.

A size of the PDCP transmit window may be preconfig-
ured. Alternatively, a size of the PDCP transmit window may
be determined based on an SN length. When the size of the
PDCP transmit window 1s determined based on the SN
length, the following formula may be used for the deter-
mimng: W=(L+1)/2, where W denotes the size of the PDCP
transmit window, and L. denotes a value of a maximum SN
that can be indicated by the SN length. For example, when
the SN length 1s 10 bits, the maximum SN that can be
indicated 1s 1023. Therefore, the size of the PDCP transmit
window 1s (1023+1)/2=512.

S720. The transmit end receives, at the RLC layer, the
PDCP PDU from the PDCP layer, uses the PDCP PDU as an
RLC SDU, processes, at the RLC layer, the RLC SDU to
form an RLC PDU, and sends the RLC PDU to a MAC layer.

In the existing technology, the transmit end may perform,
at the RLC layer, two kinds of operations on the RLC SDU:
concatenation and segmentation. In this embodiment, only
segmentation processing 1s retained at the RLC layer, and
concatenation processing 1s no longer performed on RLC
SDUSs. In this way, processing complexity and processing
latency may be reduced. In addition, because the complexity
1s reduced, a requirement for an RLC PDU header 1s also
lowered, and overheads of the RLC PDU header may be
reduced.

For a process where the RLC layer processes a data packet
from the PDCP layer, refer to the foregoing embodiments,
and details are not described herein again.

In addition, an SN 1n the RLC PDU may be the SN
delivered by the PDCP layer 1n step S710. In other words,
the SN 1n the RLC PDU 1s the same as the PDCP SN. In this
way, the PDCP layer and the RLC layer may share one SN
to reduce header overheads. In addition, this resolves a
problem that an SN length needs to be extended in the
existing technology because a plurality of SNs 1s needed
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when the RLC SDU 1s segmented into a plurality of RLC
PDUs, and therefore can also reduce overheads.

S730. The transmit end receives, at the MAC layer, an
RLC data packet from the RLC layer, uses the RLC data
packet as a MAC SDU, processes, at the MAC layer, the
MAC SDU to form a MAC PDU, which 1s also referred to
as a transport block (TB), and sends the MAC PDU to a
physical layer.

It should be noted that the transmit end may receirve, at the
MAC layer, RLC data packets from one or more RLC layers,
and each RLC layer corresponds to one radio bearer.

The MAC PDU includes a MAC header and a MAC
payload, the MAC header includes a plurality of subheaders,
and each subheader 1s used to indicate one MAC control
clement (CE) or one MAC SDU.

Retferring to FIG. 8, FIG. 8 1s a schematic structural
diagram of an existing MAC PDU. As shown in FIG. 8,
generally, the MAC PDU includes a MAC header and a
MAC payload. The MAC payload includes a MAC SDU
and/or a MAC CE, and optionally, may further include a
padding. For each MAC SDU, there i1s an associated sub-
header 1n a MAC header. A common MAC PDU subheader
includes six fields (R/R/E/LCID/F/L) and may have two
forms: one with a 7-bit L field and the other with a 15-bit L
field. For a last subheader, a subheader corresponding to a
MAC control element of a fixed length, and a subheader
corresponding to the padding, four fields (R/R/E/LCID) are
included. R 1s a reserved bit and 1s set to “0”. E 1s used to
indicate whether the MAC header has a plurality of fields.
For example, when E=1, 1t means that what follows next 1s
another group of “R/R/E/LCID” fields, and when E=0, 1t
means that what follows next 1s the MAC payload. The
logical channel i1dentifier (LCD) 1s used to 1dentity a logical
channel from which a corresponding RLC PDU originates.
F 1s used to indicate a length of the L field. L 1s used to
indicate a length of the MAC SDU or a length of a control
message.

In this embodiment of this application, a MAC PDU
format the same as that 1n the existing technology may be
used, and only content of the MAC SDU, namely, the RLC
data packet, may be different from that in the existing
technology. The RLC data packet may include a plurality of
RLC PDUs 1n the foregoing format.

Optionally, 1n this embodiment of this application, a MAC
PDU format different from that in the existing technology
may be used, and a main difference 1s that a second exten-
s1on field 1s added to the MAC header. The second extension
field may be indicated as an H field or an E2 field (in this
case, an original extension field may be indicated as an El
ficld). The H field 1s used to indicate whether there 1s still an
RLC data packet on a logical channel indicated by an LCID
in a MAC subheader where the H field i1s located. For
example, when the H field 1s 0O, 1t represents that there 1s no
RLC data packet on the logical channel, and when the H
field 1s 1, 1t represents that there 1s an RLC data packet on
the logical channel, or vice versa. That 1s, when the H field
1s 0, 1t represents that there 1s an RLC data packet on the
logical channel, and when the H field 1s 1, 1t represents that
there 1s no RLC data packet on the logical channel. In this
way, only one LCID 1s needed to indicate data of a single
logical channel. Therefore, header overheads are effectively
reduced.

Referring to FIG. 9, FIG. 9 1s a schematic structural
diagram of a MAC PDU according to an embodiment of this
application. As shown 1n FIG. 9, the MAC PDU includes a
MAC header and a MAC payload, the MAC header includes

at least one subheader, and each subheader corresponds to
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one logical channel. The logical channel 1s indicated by an
LCID field. In addition, a payload associated with each
subheader may include one or more MAC SDUs, where
some or all the MAC SDUs may be MAC CEs. Herein, for
simplicity and convenience, only the MAC SDU 1s shown.
Each subheader includes a first extension field and a second
extension field, the first extension field 1s used to indicate
whether the MAC PDU further includes another subheader
or further includes data of another logical channel, and the
second extension field 1s used to indicate whether the MAC
PDU further includes other data of a logical channel corre-
sponding to a subheader where the second extension field 1s
located. In addition, the MAC subheader may further
include an L field and an F field, and functions of the L field
and the F field are similar to those 1n the existing technology.

As shown 1in FIG. 9, a subheader of the MAC PDU
includes the following fields:

LCID field: used to indicate an RLC layer or a logical
channel from which a payload associated with the subheader
comes. It may be understood that payloads associated with

the subheader, such as a MAC SDU 1 and a MAC SDU 2,

come from a single RLC layer or a single logical channel.
Because a MAC layer may generate its own data, for

example, a MAC CE, the payload 1s also 1dentified by using
a corresponding LCD. Herein, only the MAC SDU i1s shown.

A case about the MAC CE 1s similar.

E field: a first extension field, used to indicate whether the
MAC PDU further includes another subheader, namely,
whether the MAC PDU further includes data of another

logical channel. For example, when E=0, 1t indicates that the
MAC PDU does not have another subheader or data of

another logical channel, and when E=1, 1t indicates that the
MAC PDU includes another subheader or data of another
logical channel, or vice versa.

R field: a reserved field.

H field: a second extension field, used to indicate whether
the MAC PDU further includes other data of a logical
channel corresponding to a subheader where the H field 1s

located, That 1s, used to indicate whether there are other
H/F/L fields. For example, when H=0, 1t represents that there

are no other H/F/L fields, and when H=1, 1t represents that
there are other H/F/L fields.

F field: used to indicate a length of the L field.

L field: used to indicate a length of the MAC SDU or a
length of the MAC CE.

Optionally, the subheader of the MAC PDU includes one
group of LCID/E/R fields, and one or more groups of H/F/L
fields.

It should be noted that 1n addition to the format shown in
FIG. 9, alternatively, subheaders may be centrally placed at
the beginning of the MAC PDU, payloads associated with
the subheader are placed at the later part of the MAC PDU
based on a sequence of the corresponding subheaders, and
there may be a padding field at the end. Alternatively,
subheaders corresponding to a single LCID and payloads of
the logical channel 1dentified by the LCID may be centrally
placed, with subheader information placed at the beginning,
and the payloads placed later. For example, as shown in FIG.
9, two parts of a subheader 1 are centrally placed at the
beginning, and MAC SDU 1 and MAC SDU 2 are centrally
placed later.

According to a manner where subheaders are separated
according to LCIDs, each time a receive end decodes a
subheader at the MAC layer, a corresponding payload may
be decoded, and a time from reception to processing 1s
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reduced. A manner of centrally placing the subheaders may
comply with an existing standard, with relatively Iittle
modification.

S740. The transmit end sends data to a receive end
through the physical layer.

S750. The receive end restores, at an MAC layer, a
recetved MAC PDU to an MAC SDU, and sends the MAC

SDU to an RLC layer.

Optionally, when both the receive end and the transmit
end use an existing MAC PDU format, the receive end
reassembles the MAC SDU based on the existing MAC
PDU format. When both the receive end and the transmit end
use the improved MAC PDU format in step S730, the
receive end reassembles the MAC SDU based on the
improved MAC PDU format.

After the MAC SDU 1s reassembled at the MAC layer, the
receive end delivers, based on an LCD of a subheader
corresponding to the MAC SDU, the MAC SDU to a
corresponding RLC layer for processing.

S760. The receive end receives, at the RLC layer, the
MAC SDU from the MAC layer, uses the MAC SDU as an
RLC data packet, restores the received RLC data packet to
an RLC SDU, and delivers the RLC SDU to a PDCP layer.

Similar to the foregoing description, the RLC data packet

may include one RLC PDU or may include a plurality of
RLC PDUEs.

When the RLC PDU includes a complete RLC SDU, the
transmit end delivers, at the RLC layer, the RLC SDU to the
PDCP layer for processing. When the RLC PDU includes a
segment of an RLC SDU, and all segments of the RLC SDU
are successiully received at the RLC layer, the transmit end
restores all the segments to the RLC SDU and delivers the
RLC SDU to the PDCP layer for processing.

A format of the RLC PDU 1s the same as that in the
foregoing description, and details are not described herein
again.

Optionally, when the RLC SDU sent to the PDCP layer
does not iclude a PDCP sequence number, the receive end
sends an SN 1n an SN field 1n the RLC PDU to the PDCP
layer. In other words, the receive end notifies the PDCP layer
of an SN corresponding to the RLC SDU. The PDCP
sequence number 1s a sequence number allocated to the
PDCP PDU when the transmit end assembles the PDCP
PDU. In this way, when the RLC SDU does not include a
PDCP sequence number, the PDCP layer may perform,
based on the SN delivered by the RLC layer, related pro-
cessing, for example, one or more of operations such as
reordering, a security-related operation, and header decom-
pression.

Optionally, for an RLC unacknowledged mode (UM), the
receive end maintains, at the RLC layer, a reordering win-
dow. A main function of the reordering window 1s that when
an RLC PDU where a segment not restored to an RLC SDU
1s located falls out of the reordering window, the receive end
discards, at the RLC layer, all received RLC PDUs corre-
sponding to the RLC SDU. It may be understood that herein
the falling out of the reordering window means falling out of
a lower edge of the reordering window. Further, optionally,
the receive end may notity the PDCP layer of a sequence

number of the discarded RLC SDU.

When the receive end recerves an updated RLC PDU (a
corresponding SN exceeds an upper edge of the current
reordering window), the receive end slides the reordering
window to the SN corresponding to the RLC PDU or to a
sequence number that 1s obtained by adding 1 to the SN
corresponding to the RLC PDU. It may be understood that
when an SN of a received RLC PDU falls within the
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reordering window, the receive end tries, at the RLC layer,
to restore the RLC PDU to an RLC SDU and delivers the

RLC SDU to the PDCP layer. When an SN of a received
RLC PDU falls out of the reordering window, the receive
ly discards, at the RLC layer, the RLC PDU.

end direct!
Optionally, when SNs of received RLC PDUSs are discon-

tinuous, the receive end starts an associated timer at a first
discontinuous position. Before the associated timer expires,
if RLC PDUs that include missing SNs are received, the
receive end stops the associated timer. If the timer expires,
and RLC PDUs that include missing SNs are not received,
the receive end moves a lower edge of the reordering
window to a position of an SN corresponding to a first RLC
SDU that 1s not delivered to an upper layer and correspond-
ing to the first discontinuous position, and discards an RLC
PDU that 1s not delivered to the PDCP layer and whose SN
1s located before the SN. Further, optionally, the receive end
may notify the PDCP layer of an SN of an RLC SDU

corresponding to the discarded RLC PDU. For example, 1f
SNs received by the receive end are 1, 2, 5, 6, 7, and 10
respectively, the first discontinuous position 1s a position of
5 or a position immediately followed by 5. In this case, an
SN corresponding to the first discontinuous position may be
marked as 5 or 4. The associated timer 1s started at the
position of 5 or 4. If the associated timer for the position of
4 or 5 expires, the receive end moves the lower edge of the
reordering window to a position whose corresponding SN 1s
8, and discards an RLLC PDU that 1s not delivered to the
PDCP layer and whose SN 1s located before 8. In this case,
1f SNs of received RLLC PDUs are 1, 2, 5, 6, 7, and 10, the
associated timer 1s started at the position of 9 or 10 again. In
addition, a length of the associated timer may be configured
by an upper layer or may be agreed, and this 1s not limited
in this application.

Optionally, for an RLC acknowledged mode (AM), the
receive end maintains, at the RLC layer, a reordering win-
dow. A main function of the reordering window 1s to execute
an ARQ. A lower edge of the reordering window 1s a
smallest SN 1n SNs of all RLC SDUSs that are not delivered
to the PDCP layer. It may be understood that when an SN of
a recerved RLC PDU falls within the reordering window, the
receive end tries, at the RLC layer, to restore the RLC PDU
to an RLC SDU and delivers the RLC SDU to the PDCP
layer. When an SN of a received RLC PDU {falls out of the
reordering window, the receive end directly discards, at the
RLC layer, the RLC PDU.

Further, optionally, when SNs of received RLC PDUSs are
discontinuous, an associated timer 1s started at a first dis-
continuous position (at the position of 4 or 5 if recerved SNs
are 1, 2, 5, 6,7, and 10). Belore the associated timer expires,
i missing RLLC PDUs are received, the associated timer
stops. I1 the associated timer expires, an RLC status report
1s triggered.

When an RLC receive end feeds back the RLC status
report, an assembly format of the RLC status report 1s as
follows:

D/C field: Same as that 1n a data packet format. Details are

not described herein.

ACK_SN: An SN reflected 1n the RLC status report and
immediately following an SN of an RLC PDU that i1s
received at the RLC layer by the receive end.

NACK SN: An SN that 1s reflected in the RLC status
report for an RLC PDU that fails to be received and that
1s before an SN of an RLC PDU received at the RLC
layer by the receirve end. In other words, at the RLC

PDU transmit end, the RLC PDU indicated by
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NACK SN i1s sent at the transmit end earlier than the

RLC PDU indicated by ACK_SN.

SO_Start: When the receive end receives only a part (one
or more segments) of one RLC SDU, SO_Start indi-
cates a start byte of the received part.

SO_End: When the receive end receives only a part (one
or more segments) of one RLC SDU, SO_End indicates
an end byte of the recerved part.

Optionally, when a part of a single RLC SDU relates to
two or more discontinuous segments, the part may be
indicated in the following manner:

A combination of NACK_SN, SO _Start, and SO _Fnd 1s

used. Each missing segment 1s indicated by a combination of
NACK_SN, SO_Start, and SO_End. An advantage 1s that
the manner 1s simple; and a disadvantage 1s that there are
two SN for a single RLC SDU, and consequently overheads
are relatively large.

Alternatively, one NACK_SN and a plurality of combi-
nations of SO_Start and SO_End are used. An advantage 1s
that overheads are relatively small. A disadvantage 1s that a
packet format 1s relatively complex, and an indicator field 1s
needed to indicate a quantity of combinations of SO_Start
and SO_End m an RLC PDU corresponding to a
NACK_SN, or to indicate whether there 1s another combi-
nation of SO_Start and SO_End following a combination of
SO_Start and SO_End 1n an RLC PDU corresponding to a
NACK_SN.

After receiving feedback from the RLC layer at the
receive end, when the RLC layer at the transmit end retrans-
mits a RLC PDU, i1 the complete RLC PDU cannot be sent
by using a physical-layer resource, the transmit end may
further segment the RLC PDU. A format of an RLC PDU
alter the segmentation is the same as the foregoing format of
the RLC PDU, except that content of fields such as the SI
field and the SO field changes. During retransmission, an
RLC SDU or an RLC SDU segment that 1s mcluded 1n a
corresponding initially transmitted or previous retransmitted
RLC PDU may be further divided into RLC SDU segments
or smaller RLC SDU segments, or an RLC SDU segment
included 1n a corresponding initially transmitted or previous
retransmitted RLC PDU 1s further divided into smaller RLC
SDU segments, or two or more continuous segments that
belong to one RLC SDU are combined mto one SDU
segment or a complete SDU and encapsulated into one RLC
PDU. In a word, it sutlices 1f payloads of the RLC PDU
come from one RLC SDU.

It may be learned that the receive end does not reorder, at
the RLC layer, RLC PDUs, but directly delivers an RLC
SDU to an upper layer provided that the RLC PDUs can be
restored to the RLC SDU. Because the transmit end does not
perform concatenation, processmg at the recerve end
becomes quite simple and highly eflicient, and processmg
latency 1s reduced. In addition, the receive end may main-
tain, at the RLC layer, a reordering window and/or an
associated timer to determine whether a related RLC PDU
needs to be discarded.

S770. The receive end receives, at the PDCP layer, the
RLC SDU from the RLC layer, uses the RLC SDU as a
PDCP PDU, restores the PDCP PDU to the PDCP SDU, and
delivers the PDCP SDU to an upper layer for processing.

This process 1s the same as that 1n the existing technology,
and details are not described herein.

Optionally, the receive end may maintain, at the PDCP
layer, a reordering window that is used for in-order delivery
at the PDCP layer. For example, when an SN of a received
PDCP PDU falls out of the reordering window, the receive
end discards, at the PDCP layer, the PDCP PDU, and when
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an SN of a received PDCP PDU falls within the reordering
window, the receive end tries, at the PDCP layer, to restore
the PDCP PDU to a PDCP SDU and delivers the PDCP SDU
to the upper layer. It may be understood that herein the
falling out of the reordering window means falling out of a
lower edge of the reordering window.

Further, optionally, when SNs of received PDCP PDUs
are discontinuous, the receive end starts an associated timer
at a first discontinuous position (at 4 or 5 if the recerved SNs
are 1, 2, 5, 6,77, and 10). In addition, before the associated
timer expires, 1 missing PDCP PDUs are received, the
receive end stops the associated timer, and if the timer
expires, the receive end moves a lower edge of the reorder-
ing window to a position of an SN corresponding to a first
PDCP SDU that 1s not delivered to the upper layer and
corresponding to the first discontinuous position, for
example, moves the lower edge to 8. If the associated timer
for 4 or 5 expires, the SNs of the received PDCP PDUs are
1, 2, 5, 6, 7, and 10. In this case, the associated timer 1s
started at 9 or 10 again. A length of the associated timer 1s
configured by the upper layer or fixed by the protocol, and
this 1s not limited 1n this application.

After the PDCP layer recerves information notified by the
RLC layer that a data packet corresponding to an SN 1s no
longer delivered, the PDCP layer no longer expects to
receive the data packet. Therefore, a possible operation 1s to
deliver continuous data packets following the SN to the
upper layer. If an associated SN of an ongoing associated
timer 1s smaller than a maximum SN of a data packet that has
been delivered to the upper layer, the receive end stops the
associated timer, and moves the associated timer to a posi-
tion of an SN after the maximum SN and corresponding to
a first PDCP SDU not delivered to the upper layer.

It may be learned that the recerve end does not reorder, at
the RLC layer, RLC PDUs, but directly delivers an RLC
SDU to an upper layer provided that the RLC PDUSs can be
restored to the RLC SDU. The PDCP layer may perform
processing, for example, decryption and header decompres-
sion, on a PDU that 1s first received. Compared with the
existing technology, 1t 1s not necessary to wait for the RLC
layer to perform reordering before delivering the RLC SDU
for processing, and processing time 1s reduced.

It may be understood that an embodiment of this appli-
cation may include one or more of the foregoing steps, for
example, include one or more of the following steps: the step
performed at the PDCP layer by the transmit end, the step
performed at the RLC layer by the transmit end, the step
performed at the MAC layer by the transmit end, the step
performed at the MAC layer by the receive end, the step
performed at the RLC layer by the receive end, the step
performed at the PDCP layer by the receive end.

The methods disclosed in the foregoing embodiments
may be performed by a network element on which the
transmit end 1s located. For example, when the transmit end
1s located on a terminal, the foregoing methods may be
performed by the terminal, and when the transmit end 1s
located on a RAN side, the foregoing methods may be
performed by a RAN device. In addition, the terminal or the
RAN device includes a data processing apparatus, and the
data processing apparatus includes units for performing the
steps 1n any one of the foregoing methods.

Referring to FIG. 10, FIG. 10 1s a schematic structural
diagram of a data processing apparatus according to an
embodiment of this application. The apparatus 1s located at
a transmit end, and 1s configured to perform some or all
operations performed by the transmit end in the foregoing
solutions. As shown 1n FIG. 10, the data processing appa-
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ratus 100 includes a recerving unit 101 and a processing unit
102. The recerving unit 101 1s configured to receive a data
packet from a PDCP layer, where the data packet 1s used as
an RLC SDU. The processing unit 102 1s configured to
encapsulate the RLC SDU into at least one RLC PDU,
where each the RLC PDU encapsulated at an RLC layer by

the processing unit 102 includes a header and a payload, and
the payload 1s used to carry data from a single RLC SDU.

Description about the header of the RLC PDU 1s the same
as that in the foregoing embodiments, and details are not
described herein again.

In addition, the processing unit 102 may encapsulate the
RLC SDU nto the at least one RLC PDU based on an
indication from a MAC layer, or encapsulate the RLC SDU
into the at least one RLC PDU based on a preset RLC PDU

s1ize. For details, refer to the description 1in the foregoing
embodiments.

Still referring to FIG. 10, optionally, the data processing
apparatus 100 may further include a sending unit 103,
configured to send an RLC data packet to the MAC layer.
The RLC data packet includes one or more RLC PDUSs.
Optionally, the data processing apparatus 100 may further
include a processing unit 104, configured to use the RLC
data packet as a MAC SDU and encapsulate the MAC SDU
into a MAC PDU. The MAC PDU includes a MAC header
and a MAC payload, the MAC header includes at least one
subheader, each subheader corresponds to one logical chan-
nel, the subheader includes a first extension field and a
second extension field, the first extension field 1s used to
indicate whether the MAC PDU further includes another
subheader or further includes data of another logical chan-
nel, and the second extension field 1s used to indicate
whether the MAC PDU further mcludes other data of a
logical channel corresponding to a subheader where the
second extension field 1s located.

It should be noted that when the MAC layer and the RLC
layer are arranged on different physical entities, the data
processing apparatus 100 may not include the processing
umt 104, and the RLC data packet 1s sent to the MAC layer
located on another physical entity, for processing.

Retferring to FIG. 11, FIG. 11 1s a schematic structural
diagram of a data processing apparatus according to an
embodiment of this application. The apparatus 1s located at
a receive end, and 1s configured to perform some or all
operations performed by the receive end in the foregoing
solutions. As shown in FIG. 11, the data processing appa-
ratus 1100 includes a receiving umt 1101, a processing unit
1102, and a sending unit 1103. The receiving unit 1101 1s
configured to recerve, at an RLC layer, a data packet from a
MAC layer, where the data packet includes an RLC PDU,
the RLC PDU includes a header and a payload, and the
payload 1s used to carry data from a single RLC SDU. The
processing umt 1102 is configured to: when determining,
based on the header of the RLLC PDU, that the payload of the
RLC PDU 1s a complete RLC SDU, obtain the RLC SDU,
and the sending unit 1103 1s configured to send the RLC
SDU to a PDCP layer; or the processing unit 1102 1s
configured to: when determining, based on the header of the
RLC PDU, that the payload of the RLC PDU 1is a segment
of an RLC SDU, obtain all segments of the RLC SDU and
restore all the segments to the RLC SDU, and the sending
umt 1103 1s configured to send the RLC SDU to a PDCP
layer.

Description about the header of the RLC PDU 1s the same
as that in the foregoing embodiments, and details are not
described herein again.
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Optionally, when the RLC SDU sent to the PDCP layer
does not include a PDCP SN, the sending unit 1103 1s further
configured to send an SN in the RLC PDU to the PDCP
layer.

Optionally, the data processing apparatus 1100 further
includes a processing unit 1104, configured to: before the
receiving umt 1101 receives the data packet from the MAC

layer, obtain, at the MAC layer, a MAC SDU based on a
format of a MAC PDU, and use the MAC SDU as the data
packet sent to the RLC layer. The format of the MAC PDU
1s the same as that 1n the foregoing embodiments, and details
are not described herein again.

It should be noted that when the MAC layer and the RLC
layer are arranged on different physical entities, the data
processing apparatus 1100 may not include the processing
unit 1104, and the RLC data packet 1s sent to the MAC layer
located on another physical entity, for processing.

It should be understood that division of the units 1n the
foregoing data processing apparatus 100 1s merely logical
function division. In actual implementation, all or some of
the units may be integrated 1nto one physical entity, or the
units may be physically separated. In addition, these units
may all be implemented 1n the form of software invoked by
using a processing element, or may all be implemented in
the form of hardware, or some units may be implemented in
the form of software invoked by using a processing element
and some units be implemented 1n the form of hardware. For
example, the processing unit may be an independently
disposed processing element, or may be integrated into a
chip of a RAN device or a terminal, for implementation. In
addition, the processing unit may be stored, in the form of
a program, 1n a memory of a RAN device or a terminal, and
be 1nvoked by a processing element 1n the RAN device or
the terminal, to perform the functions of the foregoing units.
Implementation of other units 1s similar to this. In addition,
all or some of these units may be integrated or these units
may be implemented separately. The processing element
herein may be an integrated circuit and have a signal
processing capability. In an implementation process, the
steps of the foregoing methods or the foregoing units may be
performed by an mtegrated logical circuit in the form of
hardware 1n the processing unit or by an instruction in the
form of software 1n the processing unit.

For example, the foregoing units may be configured as
one or more integrated circuits that perform the foregoing
methods, for example, one or more application-specific
integrated circuits (ASIC), one or more miCroprocessors
(digital signal processor, DSP), or one or more field pro-
grammable gate arrays (FPGA). For another example, when
one of the foregoing units 1s implemented in the form of a
program 1nvoked by using a processing element, the pro-
cessing clement may be a general purpose processor, for
example, a central processing unit (CPU), or another pro-
cessor that can invoke the program. For another example,
these units may be integrated together and implemented 1n
the form of a System-On-a-Chip (SOC).

Implementation of the units of the data processing appa-
ratus 1100 1s similar to this, and details are not described
herein.

In addition, alternatively, data processing performed at the
PDCP layer by the transmit end may be implemented by a
data processing apparatus, and the data processing apparatus
includes units that perform all or some of the steps per-
formed at the PDCP layer by the transmit end in the
foregoing embodiments. Likewise, alternatively, data pro-
cessing performed at the PDCP layer by the receive end may
be implemented by a data processing apparatus, and the data
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processing apparatus includes units that perform all or some
of the steps performed at the PDCP layer by the receive end
in the foregoing embodiments.

Likewise, alternatively, data processing performed at the
MAC layer by the transmit end may be implemented by a
data processing apparatus, and the data processing apparatus
includes units that perform all or some of the steps per-
formed at the MAC layer by the transmit end in the
foregoing embodiments. Likewise, alternatively, data pro-
cessing performed at the MAC layer by the receive end may
be implemented by a data processing apparatus, and the data
processing apparatus includes units that perform all or some
of the steps performed at the MAC layer by the receive end
in the foregoing embodiments.

Retferring to FIG. 12, FIG. 12 1s a schematic structural
diagram of a data processing apparatus according to an
embodiment of this application. As shown in FIG. 12, the
data processing apparatus 1200 includes a processor 1201
and a memory 1202. The processor 1201 invokes a program
stored 1n the memory 1202, to perform all or some of the
steps performed by the transmit end or the receive end 1n the
foregoing embodiments, for example, the operations per-
formed at any one of the PDCP layer, the RLC layer, and the
MAC layer by the transmit end 1n the foregoing embodi-
ments, or the operations performed at any one of the PDCP
layer, the RLC layer, and the MAC layer by the receive end
in the foregoing embodiments.

Referring to FIG. 13, FIG. 13 1s a schematic structural
diagram of a terminal according to an embodiment of this
application. As shown in FIG. 13, the terminal includes a
processor 1301, a memory 1302, and a transceiver apparatus
1303. The transceiver apparatus 1303 may be connected to
an antenna. In a downlink direction, the transceiver appa-
ratus 1303 receives, by using the antenna, information sent
by a RAN device, and sends the information to the processor
1301 for processing. In an uplink direction, the processor
1301 processes data of the terminal, and sends the data to the
RAN device by using the transceiver apparatus 1303.

When the terminal 1s a transmit end, the terminal includes
any one of the foregoing data processing apparatuses con-
figured to perform the operations of the transmit end, for
example, the data processing apparatus shown 1n FIG. 10 or
FIG. 12. The units 1n FIG. 10 may be implemented by using
the processor 1301 to mnvoke program code 1n the memory
1302, or may be integrated into a chip in the terminal.

When the terminal 1s a receive end, the terminal includes
any one of the foregoing data processing apparatuses con-
figured to perform the operations of the receive end, for
example, the data processing apparatus shown 1n FIG. 11 or
FIG. 12. The units 1n FIG. 11 may be implemented by using
the processor 1301 to mnvoke program code 1n the memory
1302, or may be integrated into a chip in the terminal.

Retferring to FIG. 14, FIG. 14 1s a schematic structural
diagram of a RAN device according to an embodiment of
this application. As shown 1 FIG. 14, the RAN device
includes an antenna 1410, a radio frequency apparatus 1420,
and a baseband apparatus 1430. The antenna 1410 1s con-
nected to the radio frequency apparatus 1420. In an uplink
direction, the radio frequency apparatus 1420 receives, by
using the antenna 1410, information sent by a terminal, and
sends, to the baseband apparatus 1430 for processing, the
information sent by the terminal. In a downlink direction,
the baseband apparatus 1430 processes the mformation of
the terminal and sends processed information to the radio
frequency apparatus 1420, and the radio frequency appara-




US 10,999,890 B2

25

tus 1420 sends processed information to the terminal by
using the antenna 1410 after processing the information of
the terminal.

When the RAN device 1s a transmit end, the RAN device
includes any one of the foregoing data processing appara-
tuses configured to perform the operations of the transmit
end, and the data processing apparatus 1s located 1n the
baseband apparatus 1430. For example, the data processing
apparatus shown i FI1G. 10 or FIG. 12 may be located 1n the
baseband apparatus 1430.

In an mmplementation, the units shown i FIG. 10 are
implemented by using a processing element to mvoke a
program. For example, the baseband apparatus 1430
includes a processing element 1431 and a storage element
1432, and the processing element 1431 1invokes a program
stored 1n the storage element 1432, to implement the func-
tions of the units. In addition, the baseband apparatus 1430
may further include an interface 1433, configured to
exchange information with the radio frequency apparatus
1420. The interface 1s, for example, a common public radio
interface (CPRI).

In another implementation, these units may be configured
as one or more processing elements, and these processing
clements are arranged on the baseband apparatus 1430. The
processing element herein may be an integrated circuit, for
example, one or more ASICs, one or more DSPs, or one or
more FPGAs. These integrated circuits may be integrated to
form a chip.

For example, the foregoing units may be integrated
together and implemented 1n the form of a System-On-a-
Chip (SOC). For example, the baseband apparatus 1430
includes an SOC chip, configured to implement the forego-
ing units.

Same as that 1n the foregoing description, the processing
clement herein may be a general purpose processor, for
example, a central processing unit (CPU), or may be con-
figured as one or more integrated circuits that perform the

foregoing methods, for example, one or more ASICs, one or
more DSPs, or one or more FPGAsS.

The storage element may be a memory, or may be a
general name for a plurality of storage elements.

Persons of ordinary skill in the art may understand that all
or some of the steps of the method embodiments may be
implemented by a program instructing relevant hardware.
The program may be stored in a computer readable storage
medium. When the program runs, the steps of the method
embodiments are performed. The foregoing storage medium
includes: any medium that can store program code, such as
a ROM, a RAM, a magnetic disk, or an optical disc.

In addition, 1n the existing technology, a measurement gap
1s used to temporarily interrupt communication of a current
serving cell when the terminal performs inter-frequency
measurement. The measurement gap 1s configured at a
granularity of a terminal. After the configuration, the mea-
surement 1s performed at a granularity of a terminal. That 1s,
when an RAN device configures, for a terminal, a measure-
ment gap parameter, such as a measurement gap period and
a measurement gap oflset, the terminal does not receive,
during a corresponding measurement gap period, mforma-
tion 1 the current serving cell or at a current serving
frequency. However, this aflects normal communication
between the terminal and the current serving cell. Therefore,
an embodiment of this application provides a measurement
gap at a granularity of a carrier. However, currently, there 1s
no method for configuring the measurement gap at the
granularity of a carrier.
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An embodiment of this application provides a method for
configuring a measurement gap parameter. The method 1s
used on a RAN device. In other words, the method 1s
performed by the RAN device. Referring to FIG. 15, the
method includes the following steps.

S1510. The RAN device determines a measurement gap
conflguration parameter.

The measurement gap configuration parameter includes at
least the following:

information about one or more measurement frequencies
or measurement bands:

information about one or more serving cells (or informa-
tion about one or more serving frequencies, or information
about one or more serving bands) where information can be
normally received and sent when the terminal measures one
or more measurement frequencies or measurement bands,
namely, information receiving and sending cannot be per-
formed in other serving cells (or serving frequencies or
serving bands); or information about one or more serving
cells (or information about one or more serving frequencies,
or mformation about one or more serving bands) where
information cannot be normally received and sent when the
terminal measures one or more measurement frequencies or
measurement bands; and

measurement gap pattern information, for example, a
measurement gap period and a measurement gap oilset,
where optionally, the measurement gap pattern information
further includes measurement gap length information (for
example, 6 ms, 4 ms, or 3 ms).

Optionally, the foregoing measurement gap parameter
turther includes information about one or more serving cells
(or information about one or more serving frequencies, or
information about one or more serving bands) where infor-
mation can be received and sent 1n part of time when the
terminal measures one or more measurement frequencies or
measurement bands. That information can be received and
sent 1n part of time means that: the terminal can receive and
send information 1n the one or more current serving cells (or
at the one or more serving frequencies, or in the one or more
serving bands) within a measurement period, except for a
time period needed for the terminal to adjust a radio 1ire-
quency from a frequency corresponding to the mmformation
about the one or more current serving cells (or the informa-
tion about the one or more serving frequencies, or the
information about the one or more serving bands) to a
frequency at which the one or more measurement frequen-
cies or measurement bands can be measured, and except for
a time period needed for the terminal to adjust a radio
frequency from a frequency at which the one or more
measurement Irequencies or measurement bands can be
measured to a frequency corresponding to the mformation
about the one or more current serving cells (or the informa-
tion about the one or more serving frequencies, or the
information about the one or more serving bands). For
example, according to measurement gap parameter infor-
mation, the terminal needs to measure a frequency 11 during
moments 0 to 5, and the terminal currently works at a
frequency of 12. It 1s assumed that the terminal needs to take
1 ms to adjust a radio frequency from 12 to a frequency at
which 11 can be measured, and the terminal needs to take 1
ms to adjust the radio frequency from the frequency at which
f1 can be measured back to 12. Therefore, a time during
which the terminal can receive and send information at 11
are moments 1 to 4. Alternatively, the foregoing measure-
ment gap parameter includes information about one or more
serving cells (or information about one or more serving
frequencies, or nformation about one or more serving
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bands) where mformation cannot be received and sent in
part of time when the terminal measures one or more
measurement frequencies or measurement bands.

Optionally, when the imnformation about the one or more
serving cells (or the information about the one or more
serving Irequencies, or the immformation about the one or
more serving bands) where information can be received and
sent 1n part of time 1n the foregoing measurement gap 1s
information about all current serving cells (or the informa-
tion about the one or more serving frequencies, or the
information about the one or more serving bands), the
information about the one or more serving cells may be
identified by “all”, and the mformation about all the current
serving cells (or the information about the one or more
serving Irequencies, or the information about the one or
more serving bands) 1s not listed.

Optionally, the measurement gap parameter further
includes a measurement gap pattern identity. The measure-
ment gap pattern identity 1s associated with the foregoing
plurality of parameters.

For example, mapping relationships are shown 1n Table 1.

TABLE 1
Measurement gap Measurement Information is normally
pattern 1 frequency received and sent in a
(Period: 40 ms; (or band) 1 current serving cell 1 (or
length: 6 ms) at a serving frequency 1,
or 1 a serving band 1).
Measurement gap Measurement Information is normally
pattern 2 frequency received and sent in a
(Period: 80 ms; (or band) 2 current serving cell 1 (or
length: 6 ms) at a serving frequency 1,
or 1 a serving band 1).
Information 1s normally
recerved and sent in a
current serving cell 2 (or
at a serving frequency 2,
or 1n a serving band 2).
Measurement gap Measurement Information is normally
pattern 3 frequency received and sent in a
(Period: 40 ms; (or band) 3 current serving cell 1 (or
length: 4 ms) at a serving frequency 1,

or 1 a serving band 1)
in part of time.

S1520. The RAN device sends the measurement gap
configuration parameter to a terminal.

Specifically, the measurement gap configuration params-
cter 15 ncluded 1n a radio resource control (RRC) message.

According to this embodiment of this application, when
the terminal measures diflerent frequencies or bands, 1nfor-
mation can still be recetved and sent in the one or more
current serving cells. This increases a time of communica-
tion between the terminal and the RAN device, and
improves a data rate of the terminal.

Correspondingly, an embodiment of this application fur-
ther provides a RAN device, including units configured to
perform the method steps shown 1n FIG. 15. Implementation
of the units 1s the same as described 1n the foregoing
embodiments. The units may be implemented by using a
processor to mvoke a program stored 1n a memory, or may
be integrated 1nto one or more itegrated circuits or chips for
implementation. In addition, for a structure of the RAN
device, refer to FIG. 14.

Another embodiment of this application provides a
method for configuring a measurement gap parameter. The
method is used on a terminal. In other words, the method 1s
performed by the terminal. The method includes the follow-

ing steps.
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S1610. The terminal receives a measurement gap con-
figuration parameter.

The measurement gap configuration parameter includes at
least the following:

information about one or more measurement frequencies
or measurement bands;

information about one or more serving cells (or informa-
tion about one or more serving frequencies, or iformation
about one or more serving bands) where information can be
normally received and sent when the terminal measures one
or more measurement Irequencies or measurement bands,
namely, information receiving and sending cannot be per-
formed 1n other serving cells (or serving frequencies or
serving bands); or information about one or more serving,
cells (or information about one or more serving frequencies,
or information about one or more serving bands) where
information cannot be normally received and sent when the
terminal measures one or more measurement frequencies or
measurement bands; and

measurement gap pattern information, for example, a
measurement gap period and a measurement gap oflset,
where optionally, the measurement gap pattern information
further includes measurement gap length information (for
example, 6 ms, 4 ms, or 3 ms).

Optionally, the foregoing measurement gap parameter
turther includes information about one or more serving cells
(or information about one or more serving frequencies, or
information about one or more serving bands) where infor-
mation can be received and sent i1n part of time when the
terminal measures one or more measurement frequencies or
measurement bands. That information can be recerved and
sent 1n part of time means that: the terminal can receive and
send information 1n the one or more current serving cells (or
at the one or more serving frequencies, or in the one or more
serving bands) within a measurement period, except for a
time period needed for the terminal to adjust a radio fre-
quency from a frequency corresponding to the information
about the one or more current serving cells (or the informa-
tion about the one or more serving frequencies, or the
information about the one or more serving bands) to a
frequency at which the one or more measurement frequen-
cies or measurement bands can be measured, and except for
a time period needed for the terminal to adjust a radio
frequency from a frequency at which the one or more
measurement Irequencies or measurement bands can be
measured to a frequency corresponding to the mformation
about the one or more current serving cells (or the informa-
tion about the one or more serving irequencies, or the
information about the one or more serving bands). For
example, according to measurement gap parameter infor-
mation, the terminal needs to measure a frequency 11 during
moments O to 5, and the terminal currently works at a
frequency of 12. It 1s assumed that the terminal needs to take
1 ms to adjust a radio frequency from 12 to a frequency at
which 11 can be measured, and the terminal needs to take 1
ms to adjust the radio frequency from the frequency at which
f1 can be measured back to 12. Therefore, a time during
which the terminal can receive and send information at 11
are moments 1 to 4. Alternatively, the foregoing measure-
ment gap parameter includes information about one or more
serving cells (or iformation about one or more serving
frequencies, or information about one or more serving
bands) where information cannot be received and sent in
part of time when the terminal measures one or more
measurement frequencies or measurement bands.

Optionally, when the information about the one or more
serving cells (or the information about the one or more
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serving Irequencies, or the information about the one or
more serving bands) where information can be received and
sent 1 part of time in the foregoing measurement gap 1s
information about all current serving cells (or the informa-
tion about the one or more serving Irequencies, or the
information about the one or more serving bands), the
information about the one or more serving cells may be
identified by “all”, and the information about all the current
serving cells (or the information about the one or more
serving Irequencies, or the mformation about the one or
more serving bands) 1s not listed.

Optionally, the measurement gap parameter further
includes a measurement gap pattern identity. The measure-
ment gap pattern i1dentity 1s associated with the foregoing
plurality of parameters.

For example, mapping relationships are shown below.

Measurement gap Measurement Information is normally
pattern 1 frequency received and sent 1n a
(Period: 40 ms; (or band) 1 current serving cell 1 (or
length: 6 ms) at a serving frequency 1, or
in a serving band 1).
Measurement gap Measurement Information is normally
pattern 2 frequency received and sent 1n a
(Period: 80 ms; (or band) 2 current serving cell 1 (or
length: 6 ms) at a serving frequency 1, or
in a serving band 1).
Information 1s normally
received and sent 1n a
current serving cell 2 (or
at a serving frequency 2, or
in a serving band 2).
Measurement gap Measurement Information is normally
pattern 3 frequency received and sent 1n a
(Period: 40 ms; (or band) 3 current serving cell 1 (or
length: 4 ms) at a serving frequency 1, or

in a serving band 1) in
part of time.

Specifically, the measurement gap configuration param-
cter 1s mncluded 1n a radio resource control (RRC) message.

S51620. The terminal performs measurement by using the
measurement gap configuration parameter.

According to this embodiment of this application, when
the terminal measures different frequencies or bands, 1nfor-
mation can still be received and sent on the one or more
current serving cells. This increases a time of communica-
tion between the terminal and the RAN device, and
improves a data rate of the terminal.

Correspondingly, an embodiment of this application fur-
ther provides a terminal, including units configured to per-
form the method steps shown 1n FIG. 16. Implementation of
the units 1s the same as described 1n the foregoing embodi-
ments. The units may be implemented by using a processor
to 1nvoke a program stored in a memory, or may be inte-
grated mto one or more integrated circuits or chips for
implementation. In addition, for a structure of the terminal,
refer to FIG. 13.

Finally, 1t should be noted that the foregoing embodiments
are merely mtended for describing the technical solutions of
the present invention but not for limiting the present inven-
tion. Although the present invention 1s described 1n detail
with reference to the foregoing embodiments, persons of
ordinary skill 1n the art should understand that they may still
make modifications to the technical solutions described in
the foregoing embodiments or make equivalent replace-
ments to some technical features thereof, without departing,
from the spirit and scope of the technical solutions of the
embodiments of the present invention.
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What 1s claimed 1s:
1. A data processing method by a data sending apparatus,
comprising;

receirving, at a Radio Link Control (RLC) layer, a data
packet from a Packet Data Convergence Protocol
(PDCP) layer, wherein the data packet 1s used as a first
RLC service data unit (SDU); and

encapsulating, at the RLC layer, the first RLC SDU 1nto
at least one RLC protocol data umt (PDU),

wherein each one of the at least one RLC PDU comprises:
a header, and
a payload carrying data from the first RLC SDU,

wherein the at least one RLC PDU comprises a first RLC
PDU and a second RLC PDU,

wherein the header of the first RLC PDU comprises a
segment 1ndicator (SI) field with two bats,

wherein a first value of the two bits of the SI field 1n the
header of the first RLC PDU indicates that the payload
of the first RLC PDU comprises a first segment of the
first RLC SDU,

wherein the payload of the first RLC PDU comprises the
first segment of the first RLC SDU,

wherein the header of the second RLC PDU comprises:
an SI field with two bits, and
a segment oflset (SO) field,

wherein a second value of the two bits of the SI field 1n
the header of the second RLC PDU indicates that the
payload of the second RLC PDU comprises a last
segment of the first RLC SDU,

wherein the payload of the second RLC PDU comprises
the last segment of the first RLC SDU, and

wherein an oflset value 1n the SO field in the header of the
second RLC PDU indicates a byte offset within the first
RLC SDU corresponding to the first byte 1n the payload
of the second RLC PDU.

2. The method according to claim 1, wherein the header

of the first RLC PDU comprises a sequence number (SN)
field, the header of the second RLC PDU comprises a SN

field, and the SN fields of the first RLLC PDU and the second
RLC PDU carry a same SN.

3. The method according to claim 1, wherein the encap-
sulating the first RLC SDU into at least one RLC PDU
COmMprises:

encapsulating the first RLC SDU 1nto the at least one RLC

PDU based on an indication from a Media Access
Control (MAC) layer.
4. The method according to claim 1, further comprising:
recerving feedback from a data receiving apparatus that a
transmitted RLLC PDU 1is not correctly received, and in
response to the receiving feedback:
turther segmenting, at the RLC layer, the payload 1n the
transmitted RLC PDU into a plurality of RLC PDUs,
and
retransmitting the payload in the plurality of RLC
PDUs.
5. The method according to claim 1, wherein the data
sending apparatus maintains, at the PDCP layer, a PDCP
transmit window, and wherein the method further com-
Prises:
sending, at the PDCP layer by the data sending apparatus,
PDCP PDUs to the RLC layer; and

stopping, by the data sending apparatus, sending another
PDCP PDU to the RLC layer in response to a quantity
of the sent PDCP PDUs reaching a maximum quantity
of PDCP PDUs that can be accommodated by the
PDCP transmit window and not receiving a successiul
teedback at the PDCP layer.
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6. The method according to claim 1, wherein the at least
one RLC PDU further comprises a third RLC PDU, and

the header of the third RLC PDU comprises an SI field
with two bits and an SO field, the SI field, 1n the header
of the third RLC PDU, has a third value indicating that
the payload of the third RLC PDU comprises a middle
segment of the first RLC SDU, and the payload of the
third RLC PDU comprises the middle segment of the
first RLC SDU; and the SO field, in the header of the
third RLC PDU, indicates a byte oflset, of a first byte
in the payload of the third RLC PDU, within the first
RLC SDU.
7. The method according to claim 6, wherein the header
ol each of the first RLC PDU, the second RLC PDU, and the
third RLC PDU comprises an SN field, and the SN fields of
the first RLC PDU the second RLC PDU, and the third RLC
PDU carry a same SN.
8. The method according to claim 1, further comprising;:
receiving, at the RLC layer, another data packet from the
PDCP layer, wherein the another data packet 1s used as
a second RLLC SDU;

encapsulating, at the RLC layer, the second RLC SDU
into a fourth RLC PDU, wherein the fourth RLC PDU
comprises a header and a payload, the header of the
fourth RLC PDU comprises an SI field with two bits,
the SI field, 1n the header of the fourth RLLC PDU, has
a fourth value mdicating that the payload of the fourth
RLC PDU comprises the complete second RLC SDU,
and the payload of the fourth RLC PDU comprises the
complete second RLC SDU.

9. The method according to claim 8, wherein the header
of the fourth RLC PDU comprises an SN field or no SN
f1eld.

10. An apparatus, comprising a processor, configured to
connect with a non-transitory computer readable medium,
wherein the non-transitory computer readable medium
stores computer-executable instructions that, when executed
by the processor, facilitate the apparatus performing a
method comprising:

receiving, at an Radio Link Control (RLC) layer, a data

packet from a Packet Data Convergence Protocol
(PDCP) layer, wherein the data packet 1s used as a first
RLC service data unit (SDU); and

encapsulating, at the RLC layer, the first RLC SDU nto

at least one RLC protocol data umt (PDU),

wherein each one of the at least one RLC PDU comprises:

a header, and

a payload carrying data from the first RLC SDU,
wherein the at least one RLC PDU comprises a first RLC

PDU and a second RLLC PDU,

wherein the header of the first RLC PDU comprises a

segment indicator (SI) field with two bits,

wherein a first value of the two bits of the SI field 1n the

header of the first RLC PDU indicates that the payload
of the first RLC PDU comprises a first segment of the
first RLC SDU,

wherein the payload of the first RLC PDU comprises the

first segment of the first RLC SDU;

wherein the header of the second RLC PDU comprises:

an Sl field with two bits, and
a segment oflset (SO) field,

wherein a second value of the two bits of the SI field 1n
the header of the second RLLC PDU indicates that the

payload of the second RLC PDU comprises a last
segment of the first RLC SDU,
wherein the payload of the second RLC PDU comprises

the last segment of the first RLC SDU, and
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wherein an oflset value 1n the SO field 1n the header of the
second RLC PDU indicates a byte ofiset within the first
RLC SDU corresponding to the first byte 1n the payload
of the second RLC PDU.

11. The apparatus according to claim 10, wherein the

header of the first RLC PDU comprises a sequence number
(SN) field, and the header of the second RLC PDU com-

prises a SN field, and an SN 1n the SN field of the first RLC
PDU 1s the same as an SN 1n the SN {field in the second RLC
PDU.

12. The apparatus according to claim 10, wherein the
encapsulating the first RLC SDU 1nto at least one RLC PDU
COmMprises:

encapsulating the first RLC SDU into the at least one RLC

PDU based on an indication from a Media Access
Control (MAC) layer.

13. The apparatus according to claim 10, wherein the
method facilitated by execution of the computer-executable
istructions by the processor further comprises:

recerving feedback from a data receiving apparatus that a

transmitted RLLC PDU 1is not correctly received, and in

response to the receiving feedback:

further segmenting, at the RLC layer, the payload 1n the
transmitted RLC PDU into a plurality of RLC PDUs,
and

retransmitting the payload in the plurality of RLC
PDUs.

14. The apparatus according to claim 10, wherein a PDCP
transmit window 1s maintained at the PDCP layer, and
wherein the method facilitated by execution of the com-
puter-executable instructions by the processor further com-
Prises:

sending, at the PDCP layer, PDCP PDUs to the RLC

layer; and
stopping sending another PDCP PDU to the RLC layer in
response to a quantity of the sent PDCP PDUs reaching
a maximum dquantity of PDCP PDUs that can be
accommodated by the PDCP transmit window and not
receiving a successiul feedback at the PDCP layer.
15. The apparatus according to claim 10, wherein the at
least one RLC PDU further comprises a third RLC PDU, and
the header of the third RLC PDU comprises an SI field
with two bits and an SO field, the SI field, 1n the header
of the third RLC PDU, has a third value indicating that
the payload of the third RLC PDU comprises a middle
segment of the first RLC SDU, and the payload of the
third RLC PDU comprises the middle segment of the
first RLC SDU; and the SO field, 1n the header of the
third RLC PDU, indicates a byte oflset, of a first byte
in the payload of the third RLC PDU, within the first
RLC SDU.
16. The apparatus according to claim 135, wherein the
header of each of the first RLC PDU, the second RLC PDU,
and the third RLC PDU comprises an SN field, and the SN
fields of the first RLC PDU the second RLC PDU, and the
third RLC PDU carry a same SN.
17. The apparatus according to claim 10, the method
facilitated by execution of the computer-executable instruc-
tions by the processor further comprises:
recerving, at the RLC layer, another data packet from the
PDCP layer, wherein the another data packet 1s used as
a second RLC SDU:

encapsulating, at the RLC layer, the second RLC SDU
into a fourth RLC PDU, wherein the fourth RLC PDU
comprises a header and a payload, the header of the
fourth RLC PDU comprises an SI field with two baits,
the SI field, in the header of the fourth RLLC PDU, has
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a fourth value mdicating that the payload of the fourth
RLC PDU comprises the complete second RLC SDU,

and the payload of the fourth RLC PDU comprises the
complete second RLC SDU.

18. The apparatus according to claim 17, wherein the
header of the fourth RLC PDU comprises an SN {field or no
SN field.

19. A non-transitory computer readable storage medium
comprising computer-executable instructions such that,
when executed by a processor, facilitate performing a
method comprising:

receiving, at an Radio Link Control (RLC) layer, a data

packet from a Packet Data Convergence Protocol
(PDCP) layer, wherein the data packet 1s used as a first
RLC service data unit (SDU); and

encapsulating, at the RLC layer, the first RLC SDU 1nto

at least one RLC protocol data umt (PDU),

wherein each one of the at least one RLC PDU comprises:

a header, and

a payload carrying data from the first RLC SDU,
wherein the at least one RLC PDU comprises a first RLC

PDU and a second RLC PDU,
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wherein the header of the first RLC PDU comprises a
segment indicator (SI) field with two bits,

wherein a first value of the two bits of the SI field 1n the
header of the first RLC PDU indicates that the payload
of the first RLC PDU comprises a first segment of the
first RLC SDU,

wherein the payload of the first RLC PDU comprises the
first segment of the first RLC SDU,

wherein the header of the second RLC PDU comprises:
an SI field with two bits, and
a segment oflset (SO) field,

wherein a second value of the two bits of the SI field 1n
the header of the second RLC PDU indicates that the
payload of the second RLC PDU comprises a last
segment of the first RLC SDU,

wherein the payload of the second RLC PDU comprises
the last segment of the first RLC SDU, and

wherein an oflset value 1n the SO field 1n the header of the
second RLC PDU indicates a byte ofiset within the first
RLC SDU corresponding to the first byte 1n the payload
of the second RLC PDU the payload carries data from
a single RLC SDU.
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